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$u$ $H$ $L$
$\{\begin{array}{l}u=\frac=vv=-\frac=u-V(u)\end{array}$ (3)
$H(u,v)= \int(\frac v+\frac u+V(u))dx$ (4)
$\varpi=\int(dv\wedge du)dx$ (5)
$du=dv$ , $dv=du-V$” $(u)du$ (6)
$\frac\omega=(du-V" (u)du)\wedge du+dv\wedge dv=du\wedge du$ (7)
$w=u$ , $\kappa=du\wedge dw$ (8)
$\frac\omega+\frac\kappa=0$ , (9)
$\kappa$ $\omega$ $\omega$
$\frac\int\omega dx+\kappa|-\kappa|=0$ $arrow$ $\overline=0$ (10)
3
Bridges (7)
$M,$ $K$ $S(z)$ $z$
$Mz+Kz=\nabla S(z)$ $z\in R$ $(n\geq 3)$ (11)
64
$M,K$ $r,$ $s$ $r\leq n,$ $s\leq n$
$\omega(U, V)=\langle MU,$ $V\rangle$ $\kappa(U, V)=\langle KU,$ $V\rangle$ (12)
$U,$ $V$
$MZ+KZ=S$” $(z)Z$ (13)
$\frac\omega(U, V)=\langle MU,$ $V\rangle+\langle MU,$ $V\rangle$ (14)
$\frac\kappa(U, V)=\langle KU,$ $V\rangle+\langle KU,$ $V\rangle$ (15)
$\frac\omega(U, V)+\frac\kappa(U, V)=\langle MU+KU,$ $V\rangle+\langle MU,$ $V+KV\rangle$
$=\langle S$
” $(z)U,$ $V\rangle-\langle U,$ $S$” $(z)V\rangle=0$ (16)
$\frac\omega+\frac\kappa=0$ (17)
$E$ $I$
$\partial E(z)+\partial F(z)=0$ (18)
$\partial I(z)+\partial G(z)=0$ (19)
$E(z)=S(z)- \frac\kappa(z, z)$ $F(z)= \frac\kappa(zz)$ (20)
$G(z)=S(z)- \frac\omega(z, z)$ $I(z)= \frac\omega(z, z)$ (21)
( )
$\frac \mathcal{E}(z)=0$ $\frac \mathcal{I}(z)=0$ (22)






$L=(\begin{array}{lll}0 1 0-1 0 00 0 0\end{array})$ , $K=(\begin{array}{lll}0 0 10 0 0-1 0 0\end{array})\ovalbox{\tt\small REJECT}$ $z=(\begin{array}{l}uvw\end{array})$ (26)
$S= \frac(w-v)+\chi\cos u$ (27)
$v=u,$ $w=-u$
$\partial E+\partial F=0$ , (28)
$E= \frac(w+v)-\chi\cos u$ , $F=vw$ (29)
$\partial I+\partial G=0$ , (30)
$I=vw$ , $G= \frac(v+w)+\chi\cos u$ (31)
MS 2
4.1 (MSLF)
$Dz= \frac,$ $Dz= \frac,$ $Mz= \frac,$ $Mz= \frac$
$LDz+LDz$ $+KDz+KDz=\nabla S(z)$ (32)
$L=(\begin{array}{lll}0 1 00 0 00 0 0\end{array}),$ $L=(\begin{array}{lll}0 0 0-1 0 00 0 0\end{array}),$ $K=(\begin{array}{lll}0 0 10 0 00 0 0\end{array}),$ $K=(\begin{array}{lll}0 0 00 0 0-1 0 0\end{array}),$ (33)







$z \wedge(LDz+LDz)=\frac D(dz\wedge Ldz+dz\wedge Ldz)$
$z \wedge(KDz+KDz)=\frac D(dz\wedge\acute dz+dz\wedge Kdz)$
$D\omega+D\kappa=0$ (36)
$\omega=\frac(dz\wedge Ldz+dz\wedge Ldz)$ (37)
$\kappa=\frac(dz\wedge Kdz+dz\wedge Kdz)$ (38)
4.3 (MSBS)
$LDMz+KDMz=\nabla S(MMz)$ (39)
$L=(\begin{array}{lll}0 1 0-1 0 00 0 0\end{array})$ , $K=(\begin{array}{lll}0 0 10 0 0-1 0 0\end{array})$ , $z=(\begin{array}{l}uvw\end{array})$ (40)















$\overline=\omega\triangle t,\overline=k\triangle x,$ $\sigma=c\triangle t/\Delta x$ MSLF
$($2 sir $\frac)-\sigma(2\sin\overline)-\chi\Delta t=0$ (45)
MSBS
$(2 \tan\frac)-\sigma(2\tan\overline)-\chi\Delta t=0$ (46)
$(\chi=0)$ 1
















































(1) Hairer, E., Lubich, C. and Wanner, G., Geometric Numerical Integration, Structure-
Preserving Algorithms for Ordinary Differential Equations, second ed., Springer
2006.
(2) McLachlan, R., Symplectic integration of Hamiltonian wave equations, Numer.
Math. 66,465-492, 1994.
(3) Tsuru, H. and Iwatsu, R., Accurate numerical prediction of acoustic wave
propagation, to appear in Int. J. Adapt. Control Signal Processing, 2010 (DOI:
10. $1002/acs$ .1118$)$ .
(4) Iwatsu, R., Two new solutions to the third-order symplectic integration method,
Physics Letters A 3733056-3060, 2009 $(DOI:10.1016/j.physleta.2009.06.048)$ .
(5) Iwatsu, R. and Hideo Tsuru, Tkrigonometrically fitted symplectic integration
methods of two-stage, second-order and three-stage, third-order, Theoretical and
Applied Mechanics Japan, Vo.58, pp.295-300, 2010.
(6) “ ”
1645, pp. 177-188, 2009.
(7) Bridges, T. J., Multi-symplectic structures and wave propagation, Math. proc.
Cambridge Philos. Soc. 121147-190, 1997.
(8) Marsden, J.E., Patrick, G.W. and Shkoller, S., Multisymplectic Geometry, Vari-
ational Integrators, and Nonlinear PDEs, Commun. Math. Phys. 199, 351-395,
1998.
(9) Schober, C.M. and Wlodarczyk, T.H., Dispersive properties of multisymplectic
integrators, J. Comput. Phys. 227, 5090-5104, 2008.
71
